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HILLGflTE PATCNT ^RUICES PRTENT OFFiGE 

Electrio Motors for Powraing Downbole Tools 

Tks present ioverrtioa relates generally to downhole pumping systems and, 
more particularly to a new electric motor for use with a downhole took 
5 such as a pumping system and uyhick does not tBqnire a convantioQal 
protector. 

Eiectiic submersible pumpa (BSPs) are widely used throughout the world 
for recoyeriDg subtenanem fluids to die earth*s surface. For the long term 
10 sucoessfbl operation of such submersible pumping systems, the electric 
motor is supplied with uncontaminated motor oil. The motor oil not only 
lubricates the motor, it also cools the nwtor to prevent overheating. In most 
submersible pumping systems in use today, this motor oil is partially 
contained within a device commonly referred to as a motor protector/ 

15 Conventional motor protectors typically include one or more elastomeric 
bags. These elastomeric bags provide two important .fimctiQns: (1) 
equalizixtg the fluid pressure within the lootor to that in flie adjacent 
wellbore and (2) preventing well fluids and gases from contaminating the 
motor oiL In regard to the first flmction, it should be understood that the 

20 temperature of the motor oil varira as a result of die intermittent opwation 
of the submersible motor. As the temperatute of the motor oil rises, for 
instance, the oil tends to ^^»and and the pressure witiiin the motor tmdB to 
ina^e. if the motnr protector did not indude an expandable member, 
such as the elastomeric motor protector bag, the internal pressure of the 

25 motor would increase dramatically, Howevw, the motor protector 

e9q>and8 and contracts to conxpen^te for the varying liquid vohune and to 
mQintain a relatively (xmstant pressure within the motor. In regard to the 
second fui«;rfion, the motot ptrotector bag provides a degree of isolation 
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belwem the motor oil and the well fluids and gases. This isolation helps 
keep the motor oil dean to increase the longevity of the motor. Most 
ekstonusric motor protector tmgs pnerveztc many contaminants^ such as cmde 
oil» water, brine, and dirt, which may gjrraHy reduce the life of the motor, 
5 from entering the motor. As discussed above^ in many ^plications 
dastomeric motor protector bags peifonn reasonably well However, 
elastomeric bags suffer firom Bevenal limitations. First, the repeated 
expanding and contracdon of the elastomeiic bag can cause the bag to split 
or crack ynder certain conditions. Of course, once an elastomeiic bag splits 

10 or (HBcks it no longer protects die motor oil ftom contaminants which are 
toai free to enter and ultimately darnage the motor. Second, elastomeric 
bags tend to lose their elasticity due to various conditions which may be 
pacraent in a wellbore. Once an elastommc bag loses its ela3tici1y» it can no 
longer expand and contract as needed to satisfy the requirements of the 

15 motor oil which it contams. Bvratually the bag will iiflptare, leaving the 
contaminants &go to attack die motor. Thurd^ most elastomers cannot 
survive m environments where the temqp^ture risM above about 400DegF. 
Above that temperature, most elastomers become brittle causing die bag to 
break during expansion or contraction. Finally^ elastomeric compoimds 

20 cuirenliy nsrf for motor protector bags tend to be relatively permeable as 
compared to the contaminants within the wellbore fluid. Many wells 
contain contaminants, such as hydrogen sulfide for instance^ which will 
permeate the motor protKtor bag and attack the motor. In &ct» certain 
contaminante, such as hydrogen sulfide, also lend to alter fhe chemistcy of 

25 certain elastomers, causing the elastomers to harden* One? the elastomer 
has hardened, the bag eventuaEy breaks- In an efifort to combat one or more 
tiiese problems, the elastomeric material used to febricate the motor 
protector bags have beeti studied and chosen to provide certain advaaoJag^s. 
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For instance, certain elastomers may slow the rate at which contaminants 
such as hydrogen sulfide enter the motor, but tli«y cannot stop the 
peimsatiott ccmpletdly/AItKnatively, certain elastomers ^Khibit an 
ability to withstand temperatuies as high as about 40QDegF., but tbew 
S 0l$siQjm]^ tend to have Limited ek&ticiiy incdmpatTole with flie 
requirements of the motor. 

The olrject of the invention is therefore to provide a new eleotria motor 
arrangement for powering downhole tools which avoids these problems 
10 with the us© of protector bags for protecting motors from the downhole 
enviromnent 

According to ttie invention feere is provided an electric motor, f« powering 
downhole tools» of the bruahless DC type; composing a stator and a rotor 
15 comiwtable to a rotatable device^ a permanent magnet and a series of coiled 
wii^dings or laminations having a connecdon to a DC supply^ the permanent 
magnet and the laminations being arranged annually with respect to each 
other, charactfflised in that a sleeve is arranged concentricalfy betweeoi the 
permanent magnet and the laminations. 

20 . 

The laminations are preferably attached to a housir^ wall cm one side and 
on the opposite side to the sleeve, and the housing wall and sleeve are 
sealed at each end thereof forming a sealed chamber enclosing &.e 
laminations, 

2S 

The sealed chanaber preferably includes a pressure compensation means. 
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The connection of the vidndings to a DC supply is preferably enclosed in 
the sealed chamber. 

The sUdmg seals are preferably arranged at each and of Ibe housinig or 
5 sleeve with end fittings at each end of me sleeve and housing providing a 
slidable seal with each end fitting. 

The rotcvc may be connected to the prananent magnet and Ifae stator is 
connected to tiie laminations. Hie rotor is typically cormected to a punq?. 

10 

The housing may be arranged internally of the laminations and fbrms an 
intscnal bore for the passage of well fluids 

Several embodiments of the hiventian will now be described wilh reference 
15 to&e following drawings in which : 

FigJ is a view of the geoeial arrangement of an existing dowobole motor 
used to power a pun^?; 

20 Fig. 2 is a longitudinal section of a typical prior art motor used in Sg. 1 ; 

Fig. 3 is a longitudinal section of a motor accordiag to a first embodiment 
of the invention; 

25 Fig. 4 is a longitudinal section of the motor of £[g» 3 with the rotor 
removed; 
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Fig. 5 is a longitudinal se<^on of a motor acconling la a second 
ombodimeiit of the invention; j 

Fig. 6 is a longitudinal section of a motor ac{s}rding to a ihiid embodiment 
5 of the inventioz^; 

Fig- 7 is a transverse section through the mDt( ir of j5g. fi, and 



Fig.8 is a longitudinal section of the motor of fig$. 6 and 7 with the rotor 
10 removed. 

Fig. 9 shows a side view of ano&er embodhnent of the modular motor 

Fig. 10 shows a side view of the several sections of this embodiment of the 
IS niodxdar motor mstalled into a housing 

Figs, 1 1 and 12 show a spreadsheet and graph respectively showing the 
calculated horsepower for various diameters and speeds 

20 Where equivalent components appear in different embodiments, the same 
designating numeral will be used. 

Referring mitially to FIG. 1, a pumpmg systam Ls illustrated and generally 
designated by a referoice numeral 10. The pumping system 10 is shown 
25 located in a well bore 12 that has been created within a subterranean 
formation 14, Althou^ not specifically illustrated, it is well known tiiat the 
well bore 12 contains fluids and gases &om (he surrounding formation 14 
and that the punning syst^ 10 is adapted to be submerged m l^ese fluids 
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and gases wifhin the well bore 12. The punqiing syirtem 10 i$ typically part 
of a production tubing string 16 and is responsible for pumping fluids 
and/or gases firan tiie well bore 12 to tbe surface of llie Esrfe. Th^ pumping 
system 10 includes a pump IS that is diiven by a motor 2D» The motor 20 is 
S ad^'a&tageously an electric motor. The motof 20 eontain$ motor oil (not 
shown) which liibncates and rools the motor 20. A motor protector 22 is 
coupled, to the motor 20. The motor protector 22 contains a portion of £he 
motor oil, and it fimcdons to keep (he motor oil free fiom conte TO in a nts and 
to fffig^ntain a relatively constant pressure within Ihe motor 20« Although the 
10 motor protector 22 is illustmted in this example as being cdupled between 
the pure?? 18 and the motor 20, it should be understood that other 
axrangemraits may be suitable. 

Figure 2 shows a longitudinal action through a conventional ESP motor. 
15 These are induction motors which are CTS»tially rotary transfimnecs in 
wfaidi power transfers to the s^x>ndary coil, on the rotor, which result in 
rotation of a mechanical load. The tobrance between the rotating and non 
rotating components needs to be quite close. The magnetic field is set up in 
the sta.tor*s main inductance (the magnetizmg inductance). Most of fte 

20 input power couples to the rotor secondary winding and thus the load. 
Typically, three windings are used, driven by utility power in phases 
separated by 120 degrees. The result is a magnetic field that n>tat«» around 
tte motor axis at power frequmcy divided by the number of poles. Because 
there are windings on both rotating and non rotating cc»iQ>onents and the 

25 close tolerance between the rotor and stator, they have always had a 
common oil batfa. 
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In figs. 3 aiKl 4 we caa see the first embodiment of the inventioii, using a 
hnishless DC motor 30 as opposed to liie AC induttioa motors of the prior 
art, in these motors permanent magq&ts 3 1 are fitted to the ro tor 3 2, and as 
a consequence tbt clearance between Ihe jotor 32 and iihe motor 
S kminatLons 33 cm be larger than that of an induction motor. In fliis 
embodiment a sleeve 34 (of non-magnetic &tainl«$$ steel or a non-magnetic 
ooniposite mat^al tube) is arranged between the rotor 32 and the motor 
laminations 33. This enables static O ring seals 38, 39 to be arranged 
between the sleeve 34 and the md fitting 35 isolating the lamination and 

10 wmdingB section of the motor &om the rotating sections of the motor and 
pump. As can best be seen Sxnn fig. 4 a seated annular chaniber 36 is 
created between the outer housing 37 and the inner sleeve 34 in which the 
motor laminations 33 and connections are located The sealed diamb@r is 
defined at each end by end fittings 35 and corresponding O ripss seals 3S» 

15 39 are provided on the intemal widl of the housmg 37 and the external wall 
of the sleeve 34. The seals do not need to seal during rotational movement 
but merely to seal against a degree of lateral movement required to 
oonipensate for pressure and ten^erature variations. These seals are 
therefore much more reliable and less costly than rotating seals. This 

20 sealed chamber is completely isolated fiom the oil well environment. 

This provides the ^following significant advanl^es 

1. iNc rotating seals are requhed to isolate tihe water and gas sensiiive 
laroinattonSi electrically insulated windin;^ and electrical contacts. 

25 

2. Hydrogen sulfide cannot enter the motor oil past the static seals so 
scavenger^ need not be added to die motor oiL The lack of 
scavengers is advantageous for various r^sons. For instance^ motor 
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oil additives, such as scaveDgers, tend to increase the cost of ihe 
motor oil. Also, such additives typically rediace the effectiveness of 
the motor oil in peifiDrmiiig its primary fimctions of cooling and 
lubricating 1h.e motor. Finally, it has been found that many such 
5 scavengers reduce the dielectric constaiit of the motor oil. In the 

event that insulation that protects windings and other conductors 
widiin die motor fails, a motor oil having a hi|^ dielectric constant 
is advantageous because it will so reduce the likelihood of arcing 
between exposed conductors that may damage the motor. 

10 

3. A simple oil expansion and contraction system can be used which is 
well proven and understood, and again only has non-rotatbg seals. 

Referrii^ now to £[g» S a mocUfication of the enibodiment in figs. 3 and 4 is 
15 shown in which the sealed chamber 36 inchidra a hydrostatic and 
temperature^essure compraaation means 40 which allows for the efiects 
of the krge pressure and tenq>eratuie changes that the sealed chamber will 
be subject to ensuring that no pressure difference builds up which could 
damage the seals 38, 39, housing 37 or sleeve 34. The compensation means 
20 includes a laterally movable plug 41 in sealing engagement with the inside 
walls of the chamber 36 which forms a compensation diamber 42 having a 
vent hole 43 through the housmg 37 to outside of the motor, 

kefemng now to 6 to 8 a fimher embodiment is shown in which the 
25 rotor is arranged outside die laminations allowing flow of fiuids through the 
empty bore of the motor. The same reference numerals in all ^nbodiments 
are used for correspcmding elements even thou^ the arrangement of them 
is difierent The rotor and the permanent magnet 31 is arranged on the 
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oatside of the leminatioiis 33 a2ui the Irtmlnaiiqiag 33 are suniUidy enclosed 
in. a stainless steel sleeve arranged bi^tweai &e p^snnmsnt magnet and the 
l^inations 33. The lamraations are anang^ in ammlar feimation around 
an internal housing SO through -which pxanped fluids flow. The sealed 
5 chamber Ss formed between tiie interna! housing and the $leove» 
enc^sulating the laminations 33 and proteetiiig them from an well fluids. 
The sealed chamber contains a pressure coinpens&tioik mean^ 52 which 
serves to adjust to any pressure changes outside the motor tiirougb vent 
hole 43« This can be seen best £com fig. 8 which shows this embodiment 
10 with the rotor removed. 

Figures 9 to 10 show details of another embodiment of the modular 
electrical motot. As in the previous embod£tnen1s» a sleeve 34 (of nnn 
magnetic stainless steel or a on magnetic composite material tube) is 
15 arranged between the rotor 32 and the motor laminations 33. This enaMes 

static O ring seals 38, 39 (visible in figure 10) fitted to an end fitting 35 to 

> 

be arranged between tbe sleeve 34 and the end fittmgs 35, 55, isol^iting the 
lamination and windings section of the motor from the rotatibcig sections of 
the motor and pump. As can best be seen firom fig. 9 a sealed annular 

20 vbsmb&r 36 is created between the outer casmg 37 and the inn^ sleeve 34 
m which tibe motor laminattons 33 and connections are located. The sealed 
cfhamber is de&u^ at each end by end fittings 40 and corr^^Hmding O 
rings seals 38, 39 are provided on the internal wall of the casing 36 and the 
external wall of the sleeve 34. The seals on the end fitting 35 are not 

25 subjected to rotation, so do not ne^ to be rotsti<Hially effective s^s but 
n(^rely to seal against a degree of lateral movement required to compensate 
for pgcessiue attd tens^erature variations. These seals are therefore much 
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mate reliable and less costly Aan rotating seals. This sealed chamber is 
completely isolated firom the oil well cnvironmenL 

The rotor is maintained in position in die statw by pennanent maga^ 
beatings 47, wbifih act on portions 48 of magneticaiiy snsceptable material 
(e.g. stainlew steel) present on the rotor, which constrain die motor against 
Isteral movement along die motors axis, and the rotor's axis aligned with 
the stalor's axis.. 

As in the previous canbodmiBnta, Ihis configuration provides die previously 
discussed significant advantages widi regards to tiis isolating die gas 
sensitive laminations, electrically insulated windings and electrical contacts 
without recourse to rotating seals, die need for scavengers added to die 
motor oil is obviated since contamination by hydrogen su^hide is 
elfaninated, and simple oil eKpansion and contraction systems are well 
proven and understood, and again only luis non-rotating seals. 

As shown in figure 10» the several motor modnles 60 can be arranged m a 
series (and dw windings can be dectricany comiected in series); duee 
motors arc shovni here. A modular motor enables a more efBcieait and 
productive constraction. The modules can be installed insid© a sin5>l© 
hnuahsg 37 reducing the cost and complexity of the entire system. When 
arranged ui aooh a SBiiea, only a pair of o-nngfi 38 and 39 at eidier end of 
the series are te<juiwd. The lotots may be torsionally coupled, or a single 
rotor extending tinou^ tiiB modulaar systsm inay be used. 

While die Invenfion may be susc^tible to various modification and 
alternative forms, specific embodiments have been shown by way of 



LO 



18: HILLBRTE PftTENT SERUICES PfiTENT CFFICE hCI.790 



example in the drawings and have been be described in detail herein. 
Howevcar, ft ahould be understood that flie inventixm is not intended to b© 
limited to the paiticnlar fimns disclosed Rather, the invention is to caver 
all modi£u3ationa, equivalents^ and alternatives fidling within the spirit and 
5 scope of Ihe invention as defined by the foBowing appended claims. 

Refecring to figs. 11 and 12, the hors^ower developed by the motor id 
calcukted to vary as shovm acconling to the diameter and speed of a motor, 
in this calcalation the motor being composed of three 1.35m active length. 
10 motor modules. 
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Claims 



1. Aa electric motor* for use with dowiihols pimipizig systerus, of th© 
brusfaless DC type; comprUing a slator and a rotor connectable to a 

5 rotafahle device^ a p^anm^x 3xiagQ6t and a series of coiled wmdingg 

or kminationB having a connection to a DC supply, tibe peimanent 
magnet and the lanrniatkms being airanged annually with respect to 
each othear, characterised in that a pititeotive layer is provided 
between ifae laminalians and Ihe pennaxient xnagiiet. 

10 

2. Aa electric motor according to claim 1» characterised m that the 
protective layer is in the form of an non-magnatisable sleeve. 

3. An electric motor according to claim 1> characterised m lhat the 
IS lammafions are attached to a housing wail on one side and on the 

opposite side to the sleeve and tiie housing wall and sleeve are 
sealed at each end thereof fonning a sealed chamber enclosing die 
laminations. 

20 4* An electric motor according to claim 3, characterised m that the 
sealed chamber includes a pressure compensation means. 

S* An electric motor acocnding to claim 3, characterised in that the 
connectijon of die windings to a DC supply is raiclosed in the sealed 
25 chamber. 
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6* An electric motor according to claim 3, characterised in 1ii&t sliding 
seals are arranged at each end of die housing or sleeve providing a 
slidable seal betvireen the housing and sleeve. 

7. An electric motor according to claim 3, dsaracterised in that sliding 
seals an ^ranged m end fittings at each end of the sleeve and 
housing providing a slidable seal mtfa each end fitting. 

8. An elKtric motor according to claim 1, characterised in (hat the 
rotor is ccmnected io the permanent magnet and the stator is 
connected to the laminations. 

9. An electric motcur according to claim 1, characterised in that Ihe 
. rotor 16 connected to a pump. 

10. An elcdxic motor according to claim 1, characterised in that Ihe 
housing is arranged intemally of Hxe laxninalions and forms an 
internal bore for the passage of well fluids. 
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